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I. INTRODUCTION
Photo emission spectroscopy is the method of choice to study the occupied electronic structure of materials. Low kinetic energies result in a low electron mean free path being only 5.3Å at kinetic energies of 100 eV or 26Å at 1.2 keV (all values calculated for CoTiSb using the Tamuna-Powel-Penn (TPP-2M) equations [1] ). A depth of less than one cubic C1 b cell will contribute to the observed intensity if using VUV (< 40 eV) or XUV (< 120 eV) light for excitation. The situation becomes much better at high energies. In the hard X-ray region of about 5 keV one will reach a high bulk sensitivity with an escape depth being larger than 84Å (corresponding to 15 cubic cells). Lindau et al [2] demonstrated in 1974 the possibility of high energy photo emission with energies up to 8 keV, however, no further attention was devoted to such experiments for many years. High energy photo emission (at about 15 keV excitation energy) was also performed as early as 1989 [3] using a 57 Co Mößbauer γ-source for excitation, however, with very low resolution only. Nowadays, high energy excitation and analysis of the electrons become easily feasible due to the development of high intense sources (insertion devices at synchrotron facilities) and multi-channel electron detection.
Thus, high energy X-ray photo emission spectroscopy (HXPS) was recently introduced by several groups [4, 5, 6, 7, 8, 9] as a bulk sensitive probe of the electronic structure in complex materials. In the present work, excitation energies of hν = 1.2 . . . 5 keV were used to study the density of states of CoTiSb.
CoTiSb crystallises in the C1 b structure. This structure type is often observed in ternary (XYZ) transition metal (X, Y) intermetallics with a main group element (Z). It is based on a face-centered cubic lattice (space group F 43m) similar to the binary zinc-blende type semiconductors. Many of the C1 b compounds belong to the class of half-metallic ferromagnets [10] . CoTiSb carries no magnetic moment according to the Slater-Pauling rule because it has overall 18 valence electrons. Most of the C1 b compounds with 18 valence electrons are found to be semi-conducting [11] .
II. EXPERIMENTAL AND CALCULATIONAL DETAILS
CoTiSb samples have been prepared by arc melting of stoichiometric amounts of the constituents in an argon atmosphere at 10 −4 mbar. Care has been taken to avoid oxygen 2 contamination. This was ensured by evaporating Ti inside of the vacuum chamber before melting the compound as well as by additional purification of the process gas. After cooling of the resulting polycrystalline ingots, they were annealed in an evacuated quartz tube for 21 days. This procedure resulted in samples exhibiting the C1 b structure, which was verified by X-ray powder diffraction (XRD). Magneto-structural investigations on Fe substituted samples (CoTi 1−x Fe x Sb) were carried out using 57 Fe Mößbauer spectroscopy. The magnetic properties of Fe doped samples were investigated by a super conducting quantum interference device. The resistivity of the samples was measured by a 4-point probe. Further details and results of the structural and magnetic properties are reported elsewhere [12] .
An ESCALAB MkII -HV (VG) for kinetic energies up to 15 keV [3, 13] has been used here to take valence band spectra at an excitation energy of 1. Under the present experimental conditions an overall resolution of 240 meV at 2 keV photon energy has been reached (monochromator plus electron detector), as was determined from the Fermi edge of Au(100). Due to the low cross-section of the valence states from the investigated compounds, the spectra had to be taken with E pass from 50 eV to 150 eV and a 1 mm entrance slit for a good signal to noise ratio. The polycrystalline CoTiSb samples have been cleaned in-situ by Ar + ion bombardment before taking the spectra to remove the native oxide layer. Core-level spectra have been taken to check the cleanliness of the samples. No traces of impurities were found. All measurements have been taken at room temperature (≈ 300 K).
The self-consistent electronic structure calculations have been carried out using the scalarrelativistic full potential linearised augmented plane wave method (FLAPW) as provided by
Wien2k [14] . that hybridise mainly along the Γ − L direction [16] . This hybridisation leads here to the peak in the density at about 3 eV below ǫ F . The smaller peak at about -5 eV is due to s − p hybridisation. The valence band spectrum excited by Mg K α radiation is shown in Figure 2 The valence band spectra may be seen as a convolution of the initial and final state DOS.
The final state DOS is rather constant at high kinetic energies and final state effects may play a minor rule only. Two weighting factors enter the DOS-convolution. The first is the transition matrix element that contains both the selection rules and the cross sections (radial matrix elements). The radial matrix elements are partially responsible for the rearrangement of the orbital resolved intensities as discussed above. The second weighting factor is the complex self-energy of the photoelectron. Among other things, it depends on the hole lifetime. At low kinetic energies, the spectra are obviously governed by the long life time of the holes at binding energies close to ǫ F . At high kinetic energies, where the sudden approximation is reached, the photoelectron is not as strongly coupled to its hole and the lifetime at ǫ F plays less a role. Not only from the mean free path but also from the presented point of view, the high energy photo emission will help to understand the bulk electronic structure better than using only low energy XPS.
Overall, the measured photoelectron spectra agree with the calculated density of states.
Small shifts of the peaks in the measured spectra compared to the calculated DOS give advice on an incomplete treatment of correlation effects in the local density approximation.
IV. SUMMARY AND CONCLUSIONS
The electronic structure of the ternary C1 b compound CoTiSb was investigated by means of XPS. True bulk sensitive, high energy photo emission indicates that the cross section differs not only between states of different angular momentum but also depends on the binding energy for a fixed angular momentum. The first effect leads to a pronounced emission from low lying s bands. The second effects leads to a pronounced transfer of intensity away from the Fermi energy. It can be explained by a reduction of life time effects. Those lifetime effects govern the spectrum at low excitation energy and lead to an enhanced intensity close to the Fermi energy at low kinetic energies. Such lifetime effects can be reduced by use of high energy photo emission. 9
